Warren, C. P. W., Tse, K. S., and Cherniack, R. M. (1978) . Thorax, 33, [315] [316] [317] [318] [319] [320] [321] properties of the lung in extrinsic allergic alveolitis. The lung function of 14 patients with extrinsic allergic alveolitis caused by exposure to mouldy hay (farmer's lung) or to birds (bird fancier's lung) was studied one week and four to six weeks after the last exposure to antigen. These data, together with lung mechanics measured four weeks after antigen exposure, were compared with measurements in 34 healthy non-smoking control subjects. Shortly after exposure to antigen there were reduction in lung volumes, increased elastic recoil (reduced compliance), and varied effects on expiratory flow and reduced gas transfer. With time, lung volumes and gas transfer improved, but expiratory flow often remained decreased. The data on lung mechanics showed that reduced compliance was often found, but this increased recoil did not always produce high airflow indicating increased upstream airways resistance. Patients with a longer duration of the illness tended to have increased compliance (reduced recoil) and low airflow. These results show that the described pathological changes of airway involvement, fibrosis, and emphysema in allergic alveolitis are manifest in the lung function of patients with the disease.
Extrinsic allergic alveolitis is a disease caused by hypersensitivity reaction in the lungs to inhaled organic material such as fungal spores or animal proteins. The clinical and radiological picture is varied and seems to depend on the quantity and duration of exposure to the antigen . The pathology of allergic alveolitis shows that the alveoli, and to a lesser extent bronchioli, are infiltrated with lymphocytes and granulomata with giant cells. In advanced chronic disease fibrosis and sometimes emphysema are found . The immunological hallmark of the disease is the presence in the patient's serum of precipitating antibodies against the causative antigen (doPico Faux et al., 1971) . Restricted lung volumes are the common abnormality in allergic alveolitis Schlueter et al., 1969) but reduction in forced expiratory volume/forced vital capacity ratios (FEV1/FVC) have been reported and are thought to indicate airflow obstruction, sometimes associated with emphysema (Barbee et al., 1968;  'Supported by a grant from the Medical Research Council of Canada. Schlueter et al., 1969) . The object of this study was to investigate by measurements of lung mechanics the nature of airflow obstruction in allergic alveolitis.
Methods
The sex, age, radiological appearance, and mode of presentation of the 14 patients are given in Table 1 . Only one patient (case 10) had ever smoked. Six patients had developed an acute illness of cough, dyspnoea, fever, and malaise; six had developed a subacute illness of progressive cough, dyspnoea, lassitude, and weight loss; and two patients presented with chronic dyspnoea. Two patients (cases 5 and 7) had had documented attacks of farmer's lung five and seven years earlier.
No subject reacted on prick testing with common antigens. Eight patients had farmer's lung, six had bird fancier's lung. Serum-precipitating antibodies against appropriate causative antigens were found in each patient. Inhalation of antigen Only one patient (case 12) had had steroids, discontinued four months before the study.
Respiratory measurements
Forced vital capacity (FVC) , maximum midexpiratory flow rate (MMF), and maximum expiratory flow rates (V max) were measured using an automated wedge spirometer and were compared to the predicted values of Cherniack and Raber (1972) . Functional residual capacity (FRC) was measured by the helium dilution technique, and total lung capacity (TLC) and residual volume (RV) were calculated and compared to the predicted values of Bates et al. (1962) . The change in helium concentration during equilibration was monitored until no further fall occurred for one minute. Carbon monoxide extraction (CO extrn) was measured by the steadystate end-tidal technique of Bates et al. (1955) and compared to the predicted values of Goldman and Becklake (1959) .
The compliance of the lung was measured by the method of Milic-Emili et al. (1964) , analysis of lung volume and related elastic recoil pressure being performed by analogue and digital computer equipment (Connelly, 1971) . Total airflow resistance was determined by the method of Mead and Whittenberger (1952-53) . Upstream resistance (RUS) was examined from the relationship between the elastic retractive force and V max at equivalent lung volumes (Mead et al., 1967) . Data were also obtained in three groups of non-smoking asymptomatic persons; ten men aged 20-25 years, ten men over 35, and 14 women over 35. They were not exposed to hay or birds at any time.
Results
The mean values of lung function tests, expressed as percentage of predicted, in the patients at the two times together with those in the 34 control subjects are shown in Table 2 . The results in the patients were compared with those in the control subjects using a t test; the statistical significance of differences between patients and controls is indicated. It can be seen that at one week there were highly significant reductions in TLC, FVC, MMF, and CO extraction and a significant reduction in FRC in the patients. Over the next four weeks lung volumes and gas transfer increased, although TLC, FVC, and CO extraction Fig. 4 the pressure-volume curve was shifted to the right in four patients and up to the left in two.
In Fig. 5 the flow-volume measurements of the patients and controls are shown. Most patients had flow less than the mean for the controls, and in three subjects it was reduced below two standard deviations from the meart. Figure 6 shows the pressure-flow relationships in the patients and controls. In most patients the flow-pressure curves are flatter than those of the controls, and at higher pressure the flow is less than that of the controls by more than two standard deviations in several patients.
Total lung resistance was normal in all except two patients. Maximum inspiratory elastic recoil, elastic recoil at 60% of predicted TLC, and the compliance-that is, slope of the pressure-volume curve-over the tidal volume range are also shown in Table 3 .
Discussion
The clinical presentation, chest radiographs, and immunological abnormalities in the patients suggest that the patients had extrinsic allergic alveolitis, while none had any evidence of asthma. The lack of chronic cough and phlegm production, the fact that all were essentially nonsmokers (Warren, 1977) , and the normal alpha-lantitrypsin levels mean that coexistent chronic airflow obstruction of other causes is unlikely. We conclude that all abnormalities of lung function detected in the study are likely to be the result of allergic alveolitis. The study showed reduced lung volumes and impaired gas transfer in patients with allergic alveolitis after a recent exacerbation of their illness. Although the FEV1/VC ratio was usually normal, the MMF was reduced. The patients improved spontaneously with a gain in lung volumes and gas transfer but MMF remained low.
In the patients in whom the pressure-volume curves were shifted down and to the right it has usually been deduced that their lungs are stiff (less compliant) and hence lung volumes are reduced. Gibson and Pride (1977) have argued that this shift in the curve results from a loss of lung volume, fibrosis producing a patchy reduction in the number of normal alveoli rather than a uniform increase in stiffness of the lung. The resulting loss of lung volume would increase the mechanical advantage of the chest muscles and so produce the lower full inspiratory pleural pressures recorded. Their arguments are attrac- tive but morphometric studies are needed to confirm their hypothesis. Meanwhile, as in other studies of pulmonary alveolar fibrosis (Schofield et al., 1976; Ostrow and Cherniack, 1973; Jodoin et al., 1971) we believe that volume should be expressed as percentage of predicted TLC and that this provides a pressure-volume plot that shows the composite compliance of the lung. We do not think that the lung volumes measured by helium dilution misrepresented the true lung volume of the patients. This problem arises most frequently in patients with poor gas mixing, which is common in emphysema and slight in pulmonary alveolar fibrosis (Bates et al., 1971) . The patients had ample time for equilibration with the helium. Any errors would be expected in hyperinflated patients and would produce an underestimate of volume and hence compliance; in restricted patients we expect the volumes were accurate, although possibly compliance was again underestimated. Our findings of loss of lung volume and compliance agree with the earlier findings in allergic alveolitis of Barbee et al., 1968 . Schlueter et al., 1969 , and Allen et al., 1976 The less common abnormality of increased compliance (ie reduced elastic recoil) was consistent with the emphysematous changes found in the pathology of farmer's lung and on chest radiographs of farmer's lung by Barbee et al. (1968) . It has been reported in two patients with pigeon breeder's lung studied by Schlueter et al. (1969) .
The flow-volume curves showed reduction of flow, particularly in patients with reduced elastic recoil. In those patients in whom lung elastic recoil was increased flows should also be increased unless resistance in the airways is high. When pressure-flow relationships were examined the slope of the curves was reduced in several patients, but in only three patients were they outside the normal distribution. This abnormality in the three patients indicates an increase in upstream resistance. The equal pressure point will be shifted upstream in these patients, and this increase in resistance to flow will not be apparent in measurements of total lung resistance or even FEV1. We suggest, as did Allen et al. (1976) that the increased upstream resistance in allergic alveolitis is situated in the small airways. The increased resistance was most evident at high recoil pressures when flows are highest and lung volumes largest. Lung biopsies showed cellular infiltration in the walls of small airways. It seems reasonable to postulate that these infiltrates may limit dilatation of the airways as lung volume increases, or result in turbulent airflow increasing resistance at high recoil. An increased upstream resistance has been reported in other causes of pulmonary alveolar fibrosis (Jodoin et al., 1971; Ostrow and Cherniack, 1973) , but as in the study by Gibson and Pride (1977) this may have been due to cigarette smoking. In allergic alveolitis this cannot be the explanation. We and Allen et al. (1976) studied patients of whom all save one were non-smokers. Barbee et al. (1968) thought that reduced airflow in farmer's lung was related to aging, although they noted that men with this finding had a longer duration of symptoms. Hapke et al. (1968) and Schlueter et al. (1969) reported emphysema in those with chronic disease, and our findings are similar; the patients with increased compliance had a long duration of illness as judged by history. It would appear that the acute inflammation of allergic alveolitis stiffens the lungs and that this damage may be repaired by fibrosis or result in cystic emphysematous spaces as reported by Hargreave et al. (1972) . The balance between fibrosis and emphysema will determine the overall function of the lung. That the decreased compliance (increased recoil) in many patients is not usually accompanied by the expected increase in flow rates suggests some involvement in small airways by the disease process, a common pathological finding in the disease. 
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Comment
Airways obstruction was strikingly relieved by aspirin in the patient studied. Similar beneficial effects were produced by three other cyclooxygenase inhibitors, that is, by indomethacin, mefenamate, and fenoprofen, but not by two remaining analgesics-salicylamide and benzydamine-which do not inhibit PG biosynthesis (Vane, 1976; Szczeklik et al, 1977) . It was, therefore, logical to assume that the pharmacological removal of a product of arachidonic acid (AA) cyclooxygenation from his respiratory tract helped our patient to overcome the airways obstruction. Perhaps this product was a bronchoconstrictor PGF2a, TXA2, or other as yet unknown metabolite. Whatever the metabolite was, it could not have been a physiological one, since we have found that bronchodilator PGI2 and PGE2 are two major products of AA transformation in the lungs .
In our patient the suspected abnormality in arachidonate metabolism was restricted to the respiratory system. Detailed platelet function studies, particularly those related to arachidonic pathway, failed to show any differences from the normal. The transient petechiae were most likely due to increased vascular fragility secondary to triamcinolone administration.
The number of asthmatic patients who might benefit from aspirin is not known. Trial of aspirin treatment might seem warranted in asthma, since it could allow the steroid dose to be reduced, as in our case. Great care, however, would be necessary at the beginning of such treatment, and the initial dose of aspirin should not exceed 20-40 mg, as the same cyclo-oxygenase inhibitors, which proved to be so efficient in relieving bronchoconstriction in our patient, may produce bronchoconstriction in other asthmatics suffering from socalled aspirin-induced asthma (Szczeklik et al, 1975; 1977) . Thus two opposite reactions can be caused in asthmatics by the same specific inhibitors. This indicates that different mediators, even derived from the same precursor, might play a different role in various types of asthma.
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